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HANDHELD MOBILE DEVICE ( E.G. , SMARTPHONE ) OBTAINS VEHICULAR 
INFORMATION COLLECTED BY AN ON - BOARD COMPUTER OF A VEHICLE . 

THE VEHICULAR INFORMATION IS OBTAINED VIA A DATA LINK 
CONNECTOR ( EG . , ON - BOARD DIAGNOSTICS CONNECTOR ) . 

402 

w 

www 

HANDHELD MOBILE DEVICE OBTAINS LOCATION , ROAD CONDITION , 
WEATHER , AND / OR VEHICULAR TRAFFIC INFORMATION OVER 

WIRELESS LINK FROM REMOTE SERVICE ( S ) . 

HANDHELD MOBILE DEVICE OBTAINS VEHICULAR SENSOR INFORMATION 
VIA A DATA LINK CONNECTOR AND / OR A WIRELESS LINK 

nennennennen 

DETERMINE A VEHICULAR OPERATION ( E.G. , SEMI - AUTONOMOUS , 
AUTONOMOUS ) BASED ON THE RECEIVED VEHICULAR INFORMATION , 
VEHICULAR SENSOR INFORMATION , LOCATION , ROAD CONDITION , 

WEATHER , AND / OR VEHICULAR TRAFFIC INFORMATION , 

HANDHELD MOBILE DEVICE COMMUNICATES A VEHICULAR COMMAND 
TO THE ON - BOARD COMPUTER TO CAUSE A SUBSYSTEM ( EG , 

ADAPTIVE CRUISE CONTROL ) OF THE VEHICLE TO PERFORM THE 
VEHICULAR OPERATION ( E.G. , ACCELERATE ) . 

*** 

I HANDHELD MOBILE DEVICE CAN CAUSE AN INTERFACE OF AN EXISTING 
I CONSOLE OF THE VEHICLE TO DISPLAY OUTPUTS OR RECEIVE INPUTS 
I ASSOCIATED WITH THE VEHICULAR OPERATION E.G. , DISPLAY ALERTS ) 
. 

FIG . 4 
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HANDHELD MOBILE DEVICE FOR some embodiments , the vehicular operation is a notification 
ADAPTIVE VEHICULAR OPERATIONS configured to assist a human driver with navigation of the 

vehicle . The notification is rendered by an output device of 
CROSS - REFERENCE TO RELATED the vehicle or an output device of the HMD . In some 

APPLICATION ( S ) 5 embodiments , the vehicular operation is an autonomous 
driving operation causing the vehicle to perform a driving 

This application claims priority to U.S. Provisional Patent operation independent of any human driver of the vehicle . 
Application No. 62 / 473,136 filed on Mar. 17 , 2017 , entitled In some embodiments , the vehicular operation is activat 
“ DRIVER ASSIST AND AUTONOMOUS VEHICLE ing or deactivating a feature of an existing capability of a 
OPERATION , ” which is hereby incorporated by reference subsystem . In some embodiments , the vehicular operation is 
in its entirety . a modification to an operation of an existing capability of a 

subsystem . In some embodiments , the HMD is operable to TECHNICAL FIELD receive input from a human driver of a vehicle to control a 
setting of the vehicular operation . The disclosed teachings relate to retrofitting a vehicle for 15 In some embodiments , the subsystem is any of a pow adaptive vehicular operations . More particularly , the dis 

closed teachings relate to a handheld mobile device that can ertrain subsystem , a braking subsystem , a steering subsys 
plug into a standard port of a vehicle and run an application tem , an electronics subsystem , or a control subsystem . In 
that processes vehicular - related information to cause vehicu some embodiments , the subsystem is any of an adaptive 
lar operations of the vehicle . 20 cruise control subsystem , a parking assistance with auto 

mated steering subsystem , or a lane keeping assistance 
BACKGROUND subsystem 

In some embodiments , the executed instructions cause the 
A semi - autonomous vehicle can assume certain tasks that HMD device to obtain vehicular information of the vehicle 

are otherwise performed by a human driver or can assist the 25 via the data link connector such that the vehicular command 
human driver to adapt to real - time conditions . An autono is based on the obtained vehicular information . In some 
mous vehicle ( i.e. , driverless , self - driving , robotic ) is a embodiments , the executed instructions cause the HMD 
vehicle that can sense its environment and navigate without device to obtain vehicular sensor information of the vehicle 
assistance from a human driver . For example , a typical such that the vehicular command is based on the obtained 
autonomous vehicle uses a spinning range finding unit such 30 vehicular sensor information . In some embodiments , the 
as a light detection and ranging ( LiDAR ) device mounted on executed instructions cause the HMD device to obtain 
the roof of a vehicle . FIG . 1 illustrates a conventional location information , road condition information , weather 
LiDAR device mounted atop the roof of an autonomous info on , and / or vehicular traffic information from 
vehicle . In operation , the LiDAR device scans its surround remote service ( s ) that provides such that the vehicular 
ings and creates a detailed map of the vehicle's environment 35 command is based on the obtained location information , 
as the vehicle moves in the environment . road condition information , weather information , or vehicu 

Driver - assistance autonomous driving systems lar traffic . 
includes software that processes the information obtained In some embodiments , the executed instructions cause the 
from the specialized equipment to provide human driver HMD device to cause an interface of an existing console of 
assisted or autonomous vehicular operations . Such systems 40 the vehicle to display outputs or receive inputs associated 
can adapt to help navigate the vehicle . Unfortunately , exist with the vehicular operation . 
ing technology that enables at least some autonomous In some embodiments , the wireless interface is operable 
vehicular operations lack broad consumer appeal because to communicatively couple the HMD to a remote service or 
their implementation requires retrofitting a vehicle with to the vehicle over at least one of a cellular link , a Wi - Fi link , 
specialized , cost - prohibitive , and awkwardly bulky equip- 45 or a short - range radio link . In some embodiments , the 
ment . HMD's port is operable to receive power from a power 

source of the vehicle via the data link connector . 
SUMMARY The disclosed embodiments also include a system oper 

able to cause a subsystem of a vehicle to perform a vehicular 
The disclosed embodiments include a handheld mobile 50 operation associated with an existing capability of the sub 

device ( HMD ) ( e.g. , smartphone ) operable to cause a sub system . The system includes a smartphone with a processor , 
system of a vehicle to perform a vehicular operation asso a memory , a port operable to perform bi - directional com 
ciated with an existing capability of the subsystem . The munications of vehicular information by coupling the HMD 
HMD includes a processor , a port operable to ( e.g. , bi to an on - board diagnostics ( OBD ) connector , and a wireless 
directionally ) communicatively couple the HMD to an exist- 55 interface operable to receive at least one of location infor 
ing on - board computer of a vehicle via an existing data link mation , road condition information , weather information , or 
connector ( e.g. , on - board diagnostics ( OBD ) connector ) of vehicular traffic information from one or more remote ser 
the vehicle , and a wireless interface operable to communi vices . The system further includes a software application 
catively couple the HMD to the vehicle or a remote service . stored on the memory that , when executed by the processor , 
The HMD further includes a memory storing a software 60 causes the HMD device to determine a vehicular operation 
application that , when executed by the processor , causes the based on vehicular information received via the OBD con 
HMD to communicate a command to the on - board computer nector and any of location information , road condition 
via the data link connector to perform the vehicular opera information , weather information , or vehicular traffic infor 
tion associated with the existing capability of the subsystem . mation received via the wireless interface , communicate the 

In some embodiments , the vehicular operation is a semi- 65 vehicular command to the on - board computer via the OBD 
autonomous driving operation configured to assist a human connector to perform the vehicular operation by modifying 
driver of the vehicle to navigate the vehicle . For example , in an operation of an existing capability of an adaptive cruise 

or 
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control subsystem , a parking assistance with automated concepts and applications fall within the scope of the 
steering subsystem , or a lane keeping assistance subsystem . disclosure and the accompanying claims . 

The disclosed embodiments also include a method per The purpose of the terminology used herein is only for 
formed by a smartphone to cause a vehicular operation describing embodiments and is not intended to limit the 
associated with an existing capability of a vehicle . The 5 scope of the disclosure . Where context permits , words using 
method includes receiving , via an on - board diagnostics the singular or plural form may also include the plural or 
( OBD ) connector , vehicular information collected by an singular form , respectively . 
on - board computer of the vehicle ; receiving any of location As used herein , unless specifically stated otherwise , terms 
information , road condition information , weather informa such as " processing , " " computing , " " calculating , " " deter 
tion , or vehicular traffic information over a wireless link ; 10 mining , " " displaying , ” “ generating , ” or the like , refer to 
and / or receiving vehicular sensor information . The method actions and processes of a computer or similar electronic 
also includes determining a vehicular operation based on computing device that manipulates and transforms data 
any of the received vehicular information , the vehicular represented as physical ( electronic ) quantities within the 
sensor information , and the received location information , computer's memory or registers into other data similarly 
road condition information , weather information , or vehicu- 15 represented as physical quantities within the computer's 
lar traffic information . The method further includes commu memory , registers , or other such storage medium , transmis 
nicating , via the OBD connector , a vehicular command to sion , or display devices . 
the on - board computer to perform the vehicular operation by As used herein , terms such as “ connected , " " coupled , ” or 
modifying an operation of an existing capability of an the like , refer to any connection or coupling , either direct or 
adaptive cruise control subsystem , a parking assistance with 20 indirect , between two or more elements . The coupling or 
automated steering subsystem , or a lane keeping assistance connection between the elements can be physical , logical , or 
subsystem . a combination thereof . 

This Summary is provided to introduce a selection of Semi - Autonomous ( Driver - Assist ) Vehicles 
concepts in a simplified form that is further described below An advanced driver assistance system ( ADAS ) is a sys 
in the Detailed Description . This Summary is not intended to 25 tem developed to automate , adapt , and / or enhance vehicle 
identify key features or essential features of the claimed systems for safety and to improve driving . For example , 
subject matter , nor is it intended to be used to limit the scope safety features are designed to help a human driver of a 
of the claimed subject matter . Other aspects of the disclosed vehicle avoid collisions and accidents by offering technolo 
embodiments will be apparent from the accompanying Fig gies that alert the human driver to potential problems . In 
ures and Detailed Description . 30 some instances , the ADAS can avoid collisions by imple 

menting safeguards that involve taking control over the 
BRIEF DESCRIPTION OF THE DRAWINGS vehicle . In some instances , the ADAS offers adaptive fea 

tures that may automate lighting , provide adaptive cruise 
The techniques introduced here may be better understood control , automate braking , incorporate GPS or traffic warn 

by referring to the following Detailed Description in con- 35 ings , connect to smartphones , alert a human driver of other 
junction with the accompanying drawings , in which like cars or dangers , keep the human driver in a correct lane , or 
reference numerals indicate identical or functionally similar show what is in blind spots . 
elements . There are many forms of ADAS available . Some features 

FIG . 1 is an illustration that depicts a light detection and of an ADAS can be built into cars or made available as an 
ranging ( LiDAR ) device mounted on the roof of a vehicle . 40 add - on package . In addition , aftermarket solutions may be 

FIG . 2 is a block diagram illustrating an architecture for available . ADAS relies on inputs from multiple data sources , 
implementing at least semi - autonomous vehicular opera including automotive imaging , LiDAR , radar , image pro 
tions with app - based integration of locally and / or remotely cessing , computer vision , and in - car networking . Additional 
sourced vehicular - related information . inputs are possible from other sources separate from the 

FIG . 3 depicts examples of vehicular operations per- 45 primary vehicle platform , such as other vehicles ( i.e. , 
formed by a vehicle responsive to commands issued by a vehicle - to - vehicle ( V2V ) communications ) , or vehicle - to 
handheld mobile device implementing the app - based inte infrastructure systems ( e.g. , mobile telephony or Wi - Fi data 
gration of locally and / or remotely sourced vehicular - related network ) . 
information . Driver assistance systems are one of the fastest - growing 

FIG . 4 is a flow diagram of a process performed by a 50 segments in automotive electronics , with steadily increasing 
handheld mobile device to cause a vehicular operation rates of adoption of industry - wide quality standards , in 
associated with an existing capability of a vehicle . vehicular safety systems ISO 26262 , developing technology 

FIG . 5 is a block diagram illustrating a diagrammatic specific standards such as IEEE 2020 for image sensor 
representation of a machine in the example form of a quality , and communications protocols such as a vehicle 
computer system operable to perform aspects of the dis- 55 information application programming interface ( API ) . 
closed technology . Autonomous Vehicles 

An autonomous vehicle ( i.e. , driverless , self - driving , 
DETAILED DESCRIPTION robotic ) can sense its environment and navigate without 

human input . Many such vehicles are being developed , but 
The embodiments set forth below represent the necessary 60 as of February 2017 automated cars permitted on public 

information to enable those skilled in the art to practice the roads are not yet fully autonomous . They all require a human 
embodiments and illustrate the best mode of practicing the driver at the wheel who is ready at a moment’s notice to take 
embodiments . Upon reading the following description in control of the vehicle . 
light of the accompanying figures , those skilled in the art Autonomous vehicles can use a variety of techniques to 
will understand the concepts of the disclosure and will 65 detect their surroundings , such as radar , laser light , GPS , 
recognize applications of these concepts that are not par odometry , and computer vision . Advanced control systems 
ticularly addressed herein . It should be understood that these may interpret sensory information to identify appropriate 
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navigation paths , as well as obstacles and relevant signage . offer to retrofit existing vehicles with driver assistance or 
Autonomous vehicles can have control systems that are autonomous features , the regulatory and legal liability issues 
capable of analyzing sensory data to distinguish between attendant with activities would present an insurmountable 
different cars on a road , which could be required to deter task to implementation thereof . 
mine a navigation path to the desired destination . The disclosed embodiments overcome many of the fore 

SAE International published a classification system in going drawbacks . It will be appreciated that specific 
2014 that has six different levels ranging from none to fully embodiments are described herein for purposes of illustra 
automated systems . SAE International is an automotive tion , but that various modifications may be made without 
standardization body , and the associated publication J3016 deviating from the scope of the invention . Accordingly , the 
is entitled Taxonomy and Definitions for Terms Related to 10 disclosed embodiments are not limited except as by the 
On - Road Motor Vehicle Automated Driving Systems . This appended claims . 
classification system is based on the amount of required Implementing Driver Assist and Autonomous Vehicle 
driver intervention and attentiveness rather than the vehicle Operations in a Vehicle 
capabilities , although these are closely related . In the United The disclosed embodiments relate to a system including a 
States in 2013 , the National Highway Traffic Safety Admin- 15 handheld mobile device ( e.g. , smartphone ) that can plug into 
istration ( NHTSA ) released a formal classification system , a standard port of a vehicle , and can run an application 
but abandoned this system when it adopted the SAE stan ( “ app ” ) to obtain or process information about vehicular 
dard in September 2016 . related information ( e.g. , driving conditions ) . The informa 

A brief description of the SAE automated vehicle classi tion can be used to control the way that the vehicle navi 
fications follows . Level 0 covers a system that may issue 20 gates . For example , the smartphone's app can cause the 
warnings but offers no vehicle control . vehicle to brake , accelerate , or change lanes instantaneously 

Level 1 covers a system where a human driver must be based on real - time driving conditions . 
ready to take control of a vehicle at any time . An automated More particularly , the disclosed embodiments concern 
system may include features such as adaptive cruise control implementation of driver assistance and autonomous vehicle 
( ACC ) , parking assistance with automated steering , and lane 25 operations by adapting readily - available consumer devices 
keeping assistance ( LKA ) Type II in any combination . to control vehicle operations . Such embodiments can do 

Level 2 covers a system where a human driver is obliged away with awkward and cost - prohibitive , specialized equip 
to detect objects and events , and respond if the automated ment that requires complex retrofitting of a host vehicle . 
system fails to respond properly . An automated system can Instead , the disclosed technology enables retrofitting of 
execute accelerating , braking , and steering of a vehicle . The 30 existing vehicles with driver assistance or autonomous fea 
automated system can deactivate immediately upon take tures while avoiding the burdensome requirements of cur 
over by the human driver . rent technologies . The disclosed embodiments thus include 

Level 3 covers a system that within in , limited an architecture for providing existing vehicles with driver 
environments , such as freeways , a human driver of a vehicle assistance and / or autonomous features with an app - based 
that implements such a system can safely turn their attention 35 integration of various sensors with a vehicle interface which , 
away from driving tasks but must still be prepared to take in some embodiments , can be the industry standard on - board 
control when needed . diagnostics ( OBD ) data link connector . 
Level 4 covers an automated system that can control the An OBD data link connector refers to a port that accesses 

vehicle in all but a few environments , such as severe a vehicle's self - diagnostic and reporting capability . OBD 
weather . A human driver must enable the automated system 40 systems give a vehicle owner or repair technician access to 
only when it is safe to do so . When enabled , human driver status or other information about vehicle subsystems . The 
attention is not required . amount of information available via OBD can vary . Early 
Level 5 covers a system where no human intervention is versions of OBD systems could illuminate a malfunction 

required other than setting the destination and starting the indicator light if a problem was detected but would not 
system . The automatic system can drive to any location 45 provide any information as to the nature of the problem . 
where it is legal to drive and make its own decisions . Modern OBD system implementations can use a standard 
Modern self - driving vehicles generally use Bayesian ized digital communications port to provide real - time data in 

simultaneous localization and mapping ( SLAM ) algorithms , addition to a standardized series of diagnostic trouble codes 
which fuse data from multiple sensors and an offline map ( DTCs ) , which allow one to rapidly identify and remedy 
into current location estimates and map updates . SLAM with 50 malfunctions within the vehicle . OBD - II diagnostic trouble 
detection and tracking of moving object ( DATMO ) is a codes are 4 - digit , preceded by a letter : P for engine and 
variant which also handles detection and tracking of other transmission ( powertrain ) , B for body , C for chassis , and U 
moving objects , such as vehicles and pedestrians . Simpler for network . 
systems may use roadside real - time locating system ( RTLS ) Although OBD standardization was prompted to simplify 
beacon systems to aid localization . Typical sensors include 55 diagnosis of increasingly complicated emissions equipment , 
LiDAR and stereo vision , global positioning system ( GPS ) , an OBD connector may be the main connector in a vehicle 
and internal measurement unit ( IMU ) technologies . Visual through which all systems are diagnosed and reprogrammed . 
object recognition typically uses machine vision including Moreover , manufacturers can add data parameters to cus 
neural networks . tomized OBD implementations , including real - time data 

In both semi - autonomous and autonomous driving , 60 requests as well as trouble codes . 
vehicle manufacturers , subject to often burdensome regula The OBD standard ( e.g. , OBD - II ) may specify a type of 
tory scrutiny , build features into their vehicles to implement connector and its pinout , available electrical signaling pro 
such technologies and , in the near future , autonomous tocols , and a messaging format that can be employed by an 
functionality . However , the vast number of vehicles cur HMD handheld mobile device to communicate with a vehi 
rently on the road cannot take advantage of such function- 65 cle's on - board computers . For example , an OBD connector 
ality as it currently exists and as improvements become may include a pin to power an HMD that is communica 
available . Further , even if automobile manufacturers would tively coupled to the on - board computer ( s ) via the OBD 
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connector . In some embodiments , an HMD could be pow 200 can include other processor - implemented functionality 
ered by a power source other than via the OBD connector . that can engage in bi - directional communications with the 
In another example , an OBD may provide a standard list of vehicle's on - board computer ( s ) via BLUETOOTH , Wi - Fi , 
vehicle parameters that can be monitored along with how to 3G , or any other wireless or wired ( e.g. , via cable ) commu 
encode data for each . Hence , an OBD connector can provide 5 nications . Thus , the app 208 running on the smartphone 210 
a standardized interface between an HMD and any vehicle's can exchange information with the console 206 and with the 
on - board computer ( s ) . Further , due to standardized features , vehicle's on - board computer ( s ) via the OBD connector 204 . 
an HMD can communicatively couple with on - board com The app 208 can also communicatively connect to one or 
puter ( s ) of most any vehicle that has an OBD connector to more sensors 212 associated with the vehicle 202. Examples 
communicate parameters with on - board computer ( s ) . As a 10 of the sensors 212 include a LiDAR sensor array that can 
result of this standardization , a single device can query the provide situational awareness with regard to the vehicle . 
on - board computer for these parameters in any vehicle . Further , the app 208 can access underlying functionality of 

The SAE J1962 specification provides for two standard a processor and other functionality within the ambit of the 
ized hardware interfaces , called type A and type B. Both are processor . In the context of the smartphone 210 , this func 
female , 16 - pin ( 2x8 ) , D - shaped connectors , and both have a 15 tionality includes access to geolocation information such as 
groove between two rows of pins . The type A connector is that provided by a GPS system 214 , as well as cell tower and 
used for vehicles that use 12V supply voltage , whereas type other information ( not shown ) . Therefore , the smartphone 
B is used for 24V vehicles and it is required to mark the front 208 can run the app 208 that can provide a user interface 
of the D - shaped area in blue color . ( UI ) to the human driver either via the console 206 or 
Mode of Operation 20 directly from a touch - sensitive screen of the smartphone 208 

There are nine modes of operation in current standards . on which the app 208 is executed . 
Mode $ 08 enables the off - board test device to control the In some embodiments , the app 208 includes various 
operation of an on - board system , test , or component . While program sequences that , in response to user input , cause the 
most modes are simply used to extract information from a smartphone 210 to receive sensor information , receive geo 
vehicle's computer , Mode $ 08 is different . Mode 8 allows 25 location information , determine the vehicle 202's location , 
bi - directional communication between the scan tool itself speed , identify driving hazards , etc. The app 208 may also 
and the vehicle , thus allowing the tool to give commands to receive information about the vehicle 202 from the OBD 
the vehicle . This mode is one of the most effective for connector 204. Examples of this information includes speed , 
changing settings and parameters on a vehicle's on - board acceleration , braking , etc. Based on this information , the app 
computer . It can be used for a wide range of functions . For 30 208 can generate both display signals for the console 206 
example , Mode 8 can tell the vehicle's computer to disable and control signals for the vehicle 202. For example , if 
components , and can even make adjustments to sensors . driver assist functions are implemented by the app 208 
Mode 8 : Bi - Directional Communication running on the smartphone 210 , then the app 208 may cause 
Mode 8 allows the scan tool to run multiple self - tests by the vehicle 202 , via the OBD connector 204 , to apply brakes , 

sending commands to a powertrain control module , or PCM . 35 accelerate , alert the human driver to change lanes , etc. 
The function also allows the scan tool to control on - board Further , the app 208 may also cause the vehicle 202 to steer 
system or components . autonomously under control of the app 208 . 

There are many uses for Mode 8. For example , a vehicle For example , FIG . 3 depicts a scenario in which the app 
may have an obvious fuel system issue . By using Mode 8 , 208 can provide semi - autonomous or autonomous vehicular 
a technician can test multiple parts in an attempt to find the 40 operations in response to current driving conditions . As 
problem . The technician uses Mode 8 to tell the fuel pump shown , vehicle 302 is driven on a road behind vehicle 304 . 
to engage . If the fuel pump runs , the technician can move on The app - based integration of vehicular - related information 
to another component . If , however , the fuel pump doesn't and a vehicle's on - board computer ( s ) enable the vehicle 302 
engage , the cause of the issue has been found . to estimate existing or oncoming inclement weather 306 and 
System Architecture 45 respond accordingly by , for example , turning on the vehicle 

FIG . 2 is a block diagram illustrating an architecture for 302's windshield wipers or headlights , cause the vehicle to 
implementing semi - autonomous or fully autonomous reduce its speed , etc. In another example , the app can cause 
vehicle navigation features with app - based integration of the vehicle 302 to steer in a direction that avoids a collision 
sensors and a vehicle's on - board computer ( s ) according to with the vehicle 304 that cut off the vehicle 302. The app can 
some embodiments of the present disclosure . In some 50 cause the vehicle 302 to take these actions by controlling 
embodiments , the app - based integration is achieved through existing subsystems via a data link connector . For example , 
a vehicle interface such as a standard on - board diagnostics the app can interact with the steering function of a self 
( OBD ) port . parking subsystem of the vehicle 302 to cause the vehicle 
As shown , architecture 200 includes a vehicle 202 such as 302 to steer in a direction that avoids a collision with the 

a passenger automobile , truck , boat , or any other vehicle that 55 vehicle 304. In this way , an existing vehicle may be provided 
has a data link connector through which an HMD ( e.g. , with additional feature of driver assist and autonomous 
smartphone ) can communicatively couple to the vehicle's operation . 
on - board computer ( s ) . For example , an OBD connector 204 Processes for Vehicular Operations 
can allow access to various systems and subsystems of the FIG . 4 is a flow diagram of a process 400 performed by 
vehicle 202. The vehicle 202 also typically includes a 60 an HMD to cause a vehicular operation associated with an 
console 206 that , in most modern vehicles , includes func existing capability of a vehicle . In step 402 , the HMD ( e.g. , 
tions accessible through a user interface . Examples of the smartphone ) obtains vehicular information collected by an 
functions include BLUETOOTH , a touch screen , and the on - board computer of the vehicle . The vehicular information 
like . can be obtained via an existing data link connector of the 

The disclosed embodiments include a software applica- 65 vehicle . An example of such a connector is an on - board 
tion ( “ app ” ) 208 running on an HMD such as a smartphone diagnostics ( OBD ) connector . In some embodiments , the 
208 , smartwatch , etc. In some embodiments , the architecture HMD can perform bi - directional communications between 
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the HMD and the on - board computer via the data link puter , a client computer , a personal computer ( PC ) , 
connector . Moreover , in some embodiments , the HMD can device , a tablet PC , a laptop computer , a personal digital 
be powered from a power source of the vehicle via the data assistant ( PDA ) , a cellular telephone , an IPHONE , an IPAD , 
link connector . a BLACKBERRY , a processor , a telephone , a web appli 

In step 404 , the HMD optionally obtains information 5 ance , a network router , switch or bridge , a console , a 
related to environmental or driving conditions from one or handheld console , a ( handheld ) gaming device , a music 
more remote services . The information can be received over player , any portable , mobile , handheld device , wearable 
a wireless link such as a cellular link , a Wi - Fi link , or a device , or any machine capable of executing a set of 
short - range radio link ( e.g. , BLUETOOTH ) . Examples of instructions , sequential or otherwise , that specify actions to 
the obtained information include location information , road 10 be taken by that machine . 
condition information , weather information , and / or vehicu The computing system 500 may include one or more 
lar traffic information . central processing units ( “ processors ” ) 502 , memory 504 , 

In step 406 , the HMD optionally obtains vehicular sensor input / output devices 506 ( e.g. , keyboard and pointing 
information of the vehicle . For example , the vehicle may devices , touch devices , display devices ) , storage devices 508 
include sensors that detect environmental , mechanical , or 15 ( e.g. , disk drives ) , and network adapters 510 ( e.g. , network 
electrical conditions . In some embodiments , the vehicular interfaces ) that are each connected to an interconnect 512 . 
sensor information is obtained over a wireless link or via the The interconnect 512 is illustrated as an abstraction that 
data link connector . represents any one or more separate physical buses , point to 

In step 408 , a vehicular operation is determined based on point connections , or both connected by appropriate bridges , 
any of the obtained vehicular information , the obtained 20 adapters , or controllers . The interconnect 512 , therefore , 
vehicular sensor information , and / or the received location may include , for example , a system bus , a peripheral com 
information , road condition information , weather informa ponent interconnect ( PCI ) bus or PCI - Express bus , a Hyper 
tion , or vehicular traffic information . In some embodiments , Transport or industry standard architecture ( ISA ) bus , a 
the HMD can perform the determination or a remote service small computer system interface ( SCSI ) bus , a universal 
can perform the determination and communicate the result- 25 serial bus ( USB ) , IIC ( 12C ) bus , or an Institute of Electrical 
ing vehicular determination to the HMD . In one example , and Electronics Engineers ( IEEE ) standard 1394 bus ( i.e. , 
the vehicular operation is a semi - autonomous driving opera FIREWIRE ) . 
tion configured to assist a human driver of the vehicle to The memory 504 and storage devices 508 can be non 
navigate the vehicle . In another example , the vehicular transitory computer - readable storage media that may store 
operation is an autonomous driving operation causing the 30 instructions that implement at least portions of the various 
vehicle to perform a driving operation independent of any embodiments . In addition , the data structures and message 
human driver of the vehicle . structures may be stored or transmitted via a data transmis 

In step 41 the HMD communicates a vehicular com sion medium ( e.g. , a signal on a communications link ) . 
mand to an on - board computer to cause a subsystem of the Various communications links may be used ( e.g. , the Inter 
vehicle to perform the vehicular operation . In some embodi- 35 net , a local area network , a wide area network , or a point 
ments , the vehicular operation is activating or deactivating to - point dial - up connection ) . Thus , computer readable 
a feature ( e.g. , windshield wipers , headlights ) of an existing media can include computer readable storage media ( e.g. 
capability of a subsystem . For example , the vehicular opera non - transitory media ) and computer readable transmission 
tion may be a notification configured to assist a human driver media . 
with navigation of the vehicle , The notification can be 40 The instructions stored in memory 504 can be imple 
rendered by an output device of the vehicle or an output mented as software and / or firmware to program the proces 
device of the HMD . sor 502 to carry out actions described above . In some 

In some embodiments , the vehicular operation is a modi embodiments , such software or firmware may be initially 
fication to an operation of an existing capability of a provided to the computing system 500 by downloading it 
subsystem . Examples of typical subsystems include a pow- 45 from a remote system through the computing system 500 
ertrain subsystem , a braking subsystem , a steering subsys ( e.g. , via network adapter 510 ) . 
tem , an electronics subsystem , or a control subsystem . The various embodiments introduced herein can be imple 
Specific examples of subsystems that have modifiable drive mented by , for example , programmable circuitry ( e.g. one or 
assist features include an adaptive cruise control subsystem , more microprocessors , programmed with software and / or 
a parking assistance with automated steering subsystem , or 50 firmware ) , or entirely in special - purpose hardwired circuitry 
a lane keeping assistance subsystem . ( i.e. , non - programmable circuitry ) , or in a combination of 

In step 412 , the HMD device can optionally cause an such forms . Special - purpose hardwired circuitry may be in 
interface of an existing console of the vehicle to display the form of , for example , one or more application - specific 
outputs or receive inputs associated with the vehicular integrated circuits ( ASICs ) , programmable logic devices 
operation ( e.g. , display alerts ) . In some embodiments , the 55 ( PLDs ) , field - programmable gate array ( FPGAs ) , etc. 
HMD is operable to receive input from a human driver of a The above description and drawings are illustrative and 
vehicle to control setting of the vehicular operation . For are not to be construed as limiting . Numerous specific details 
example , a human driver can input a setting on the vehicle's are described to provide a thorough understanding of the 
console for responding to a particular road conditions . The disclosure . However , in certain instances , well - known 
settings can be communicated to the HMD , which could 60 details are not described in order to avoid obscuring the 
consider those settings when determining an appropriate description . Further , various modifications may be made 
vehicular command in response to detecting the particular without deviating from the scope of the embodiments . 
road condition . Reference herein to " one embodiment ” or “ an embodi 

FIG . 5 is a block diagram of a computer system that may ment ” means that a particular feature , structure , or charac 
be used to implement features of some of the disclosed 65 teristic described in connection with the embodiment is 
technology . The computing system 500 may be an HMD , included in at least one embodiment of the disclosure . The 
vehicle console , on - board computer , sensor , a server com appearances of the phrase " in one embodiment ” in various 
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places in the specification are not necessarily all referring to generate a vehicular command based on the obtained 
the same embodiment , nor are separate or alternative sensor information ; and 
embodiments mutually exclusive of other embodiments . communicate the vehicular command to the on - board 
Moreover , various features are described which may be computer via the existing data link connector to 
exhibited by some embodiments and not by others . Simi- 5 perform the vehicular operation associated with the 
larly , various requirements are described which may be existing capability of the subsystem , the vehicular 
requirements for some embodiments but not for other operation including at least a semi - autonomous driv 
embodiments . ing operation configured to assist a human driver of 

The terms used in this specification generally have their the vehicle to navigate the vehicle . 
ordinary meanings in the art , within the context of the 10 2. The device of claim 1 , wherein the vehicular operation 
disclosure , and in the specific context where each term is includes an autonomous driving operation causing the 
used . Certain terms that are used to describe the disclosure vehicle to perform a driving operation independent of any 
are discussed above , or elsewhere in the specification , to human driver of the vehicle . 
provide additional guidance to the practitioner regarding the 3. The device of claim 1 , wherein the vehicular operation 
description of the disclosure . For convenience , certain terms 15 includes activating or deactivating a feature of the existing 
may be highlighted , for example using italics and / or quota capability of the subsystem . 
tion marks . The use of highlighting has no influence on the 4. The device of claim 1 , wherein the vehicular operation 
scope and meaning of a term ; the scope and meaning of a includes a modification to an operation of the existing 
term is the same , in the same context , whether or not it is capability of the subsystem . 
highlighted . It will be appreciated that the same thing can be 20 5. The device of claim 1 , wherein the subsystem includes 
said in more than one way . any of a powertrain subsystem , a braking subsystem , a 

Consequently , alternative language and synonyms may be steering subsystem , an electronics subsystem , or a control 
used for any one or more of the terms discussed herein , nor subsystem . 
is any special significance to be placed upon whether or not 6. The device of claim 1 , wherein the vehicular operation 
a term is elaborated or discussed herein . Synonyms for 25 includes a modified operation of an adaptive cruise control 
certain terms are provided . A recital of one or more syn subsystem , a parking assistance with automated steering 
onyms does not exclude the use of other synonyms . The use subsystem , or a lane keeping assistance subsystem . 
of examples anywhere in this specification including 7. The device of claim 1 , wherein the port enables 
examples of any term discussed herein is illustrative only , bi - directional communications between the HMD and the 
and is not intended to further limit the scope and meaning of 30 on - board computer via the data link connector . 
the disclosure or of any exemplified term . Likewise , the 8. The device of claim 1 , wherein the executed instruc 
disclosure is not limited to various embodiments given in tions cause the HMD device to obtain vehicular information 
this specification . of the vehicle via the existing data link connector such that 

Without intent to further limit the scope of the disclosure , the vehicular command is based on the obtained vehicular 
examples of instruments , apparatus , methods and their 35 information . 
related results according to the embodiments of the present 9. The device of claim 1 , wherein the executed instruc 
disclosure are given above . Note that titles or subtitles may tions cause the HMD device to obtain vehicular sensor 
be used in the examples for convenience of a reader , which information generated by a sensor of the vehicle such that 
in no way should limit the scope of the disclosure . Unless the vehicular command is based on the obtained vehicular 
otherwise defined , all technical and scientific terms used 40 sensor information . 
herein have the same meaning as commonly understood by 10. The device of claim 1 , wherein the executed instruc 
one of ordinary skill in the art to which this disclosure tions cause the HMD device to obtain at least one of location 
pertains . In the case of conflict , the present document , information , road condition information , weather informa 
including definitions will control . tion , or vehicular traffic information from one or more 

From the foregoing , it will be appreciated that specific 45 remote service providers such that the vehicular command is 
embodiments of the invention have been described herein based on the obtained location information , road condition 
for purposes of illustration , but that various modifications information , weather information , or vehicular traffic . 
may be made without deviating from the scope of the 11. The device of claim 1 , wherein the executed instruc 
invention . Accordingly , the invention is not limited except as tions cause the HMD device to cause an interface of an 
by the appended claims . 50 existing console of the vehicle to display outputs or receive 

The invention claimed is : inputs associated with the vehicular operation . 
1. A handheld mobile device ( HMD ) operable to cause a 12. The device of claim 1 , wherein the data link connector 

subsystem of a vehicle to perform a vehicular operation is an existing on - board diagnostics connector of the vehicle . 
associated with an existing capability of the subsystem , the 13. The device of claim 1 , wherein the wireless interface 
HMD comprising : 55 is operable to communicatively couple the HMD to the 

a processor ; remote service or to the vehicle over at least one of a cellular 
a port operable to communicatively couple the HMD to an link , a Wi - Fi link , or a short - range radio link . 

existing on - board computer of a vehicle via an existing 14. The device of claim 1 , wherein the port is operable to 
data link connector of the vehicle ; receive power from a power source of the vehicle via the 

a wireless interface operable to communicatively couple 60 data link connector . 
the HMD to at least one of the vehicle or a remote 15. The device of claim 1 , wherein the vehicular operation 
service ; and includes a notification configured to assist a human driver 

a memory storing a software application including with navigation of the vehicle , the notification being ren 
instructions that , when executed by the processor , dered by an output device of the vehicle or an output device 
causes the HMD to : 65 of the HMD . 
obtain sensor information indicative of a location of the 16. The device of claim 1 , wherein the HMD is a 

vehicle or an object moving relative to the vehicle ; smartphone . 
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17. The device of claim 1 , wherein the HMD is operable automated steering subsystem , or a lane keeping 
to receive input from a human driver of a vehicle to control assistance subsystem , the vehicular operation includ 
setting of the vehicular operation . ing at least a semi - autonomous driving operation 

18. A system operable to cause a subsystem of a vehicle configured to assist a human driver of the vehicle to 
to perform a vehicular operation associated with an existing 5 navigate the vehicle . 
capability of the subsystem , the system comprising : 19. A method performed by a smartphone to cause a a smartphone including : vehicular operation associated with an existing capability of 

a processor , a vehicle , the method comprising : 
a memory ; receiving , via an on - board diagnostics ( OBD ) connector , a port operable to perform bi - directional communica- 10 vehicular information collected by an on - board com tions of vehicular information by coupling the smart 
phone to an on - board diagnostics ( OBD ) connector ; puter of the vehicle ; 

receiving , over a wireless link , at least one of location and 
a wireless interface operable to receive at least one of information , road condition information , weather infor 

location information , road condition information , 15 mation , or vehicular traffic information ; 
weather information , or vehicular traffic information receiving sensor information indicative of a location of 
from one or more remote services ; and the vehicle or an object moving relative to the vehicle ; 

a software application stored on the memory that , when determining a vehicular operation based on the received 
executed by the processor , causes the smartphone to : vehicular information , the sensor information , and the 
obtain sensor information indicative of a location of the 20 received location information , road condition informa 

tion , weather information , or vehicular traffic informa vehicle or an object moving relative to the vehicle , 
determine a vehicular operation based on vehicular tion ; and 

information received via the OBD connector , the communicating , via the OBD connector , a vehicular com 
sensor information , and any of location information , mand to the on - board computer to perform the vehicu 
road condition information , weather information , or 25 lar operation by modifying an operation of an existing 
vehicular traffic information received via the wire capability of an adaptive cruise control subsystem , a 
less interface ; and parking assistance with automated steering subsystem , 

communicate the vehicular command to an on - board or a lane keeping assistance subsystem , the vehicular 
computer of the vehicle via the OBD connector to operation including at least a semi - autonomous driving 
perform the vehicular operation by modifying an 30 operation configured to assist a human driver of the 
operation of an existing capability of an adaptive vehicle to navigate the vehicle . 
cruise control subsystem , a parking assistance with 


